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Introduction
Glycated hemoglobin or glycosylated hemoglobin (HbA1c) is a form of hemoglobin that is measured primarily to identify the average plasma glucose concentration over prolonged periods of time. It is formed in a non-enzymatic glycation pathway by hemoglobin's exposure to plasma glucose. As the average amount of plasma glucose increases, the fraction of glycated hemoglobin increases in a predictable way. This serves as a marker for average blood glucose levels over the previous months prior to the measurement [1] . Recently, it has been reported that high HbA1c levels are associated with an increased risk of all-cause mortality and death from cardiovascular disease, coronary heart disease, and cerebral infarction in the general East Asian population, similar to Western populations [2] . Further, subjects with a HbA1c ≥ 6.5% have a more unfavorable cardiovascular and metabolic risk profile than those with HbA1c < 6.5%, especially in the oral glucose tolerance test (OGTT)-negative Chinese population [3] . A parallel nested case-control study suggested that HbA1c is associated with coronary heart disease risk among apparently healthy, non-diabetic women and men and may be an important early clinical marker of disease risk [4] . HbA1c is significantly associated with the complexity of coronary lesions, an association that is even observed in non-diabetic adults [5] . However, another study concluded that glycated albumin, not HbA1c, was independently associated with significant coronary heart disease in type 2 diabetic patients [6] . The predictive value of HbA1c for coronary artery disease (CAD) has not been elucidated. Therefore, we aimed to develop a risk score incorporating HbA1c with traditional risk factors for the prediction of CAD in Chinese subjects. We hypothesized that a high HbA1c score would be associated with CAD based on the angiography.
Materials and Methods

Study subjects
From 2010 to 2013, 196 consecutive subjects (131 males and 65 females) age 38-89 years who underwent coronary angiography for suspected or known coronary atherosclerosis at the First Affiliated Hospital of Nanjing Medical University and the Friendship Hospital of Ili Kazakh Autonomous Prefecture in China were enrolled in this study. The exclusion criteria included: subjects with spastic angina pectoris, infectious processes within 2 weeks, heart failure, adrenal dysfunction, and thyroid dysfunction. This study was approved by the ethics committee of the First Affiliated Hospital of Nanjing Medical University and the Friendship Hospital of Ili Kazakh Autonomous Prefecture in China. All subjects gave written informed consent.
Coronary Angiography
Coronary arteries were cannulated by either the Judkins technique [7] or through a radial approach with 6F catheters and recorded at a rate of 30 frames/s. The presence of coronary artery stenosis was evaluated after the direct intracoronary injection of isosorbide dinitrate (ISDN; 2.5 mg/ 5 ml solution over 20 s). One minute after the injection of ISDN through the Judkins catheter, coronary angiography was performed from several projections after the injection of ISDN through the Judkins catheter for one minute. Significant CAD was diagnosed if there was a 50% stenosis in the diameter of at least one major epicardial coronary artery or main tributary [8, 9] .
Cigarette smoking
Cigarette smoking was assessed by a standardized questionnaire. Subjects' smoking status was classified as either "never smoking" or "smoking" (the latter group included both former and current smokers).
Blood pressure measurement
Blood pressure was measured in the right arm with the participant seated and the arm exposed. Three readings were recorded for each individual, and the mean value of the systolic (SBP, mmHg) and diastolic blood pressure (DBP, mmHg) was recorded.
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Laboratory measurements
Total cholesterol (TCH, mmol/L), triglyceride (TG, mmol/L), fasting blood glucose (FBG, mmol/L), fasting high-density lipoprotein cholesterol (HDL-c, mmol/L) and fasting low-density lipoprotein cholesterol (LDL-c, mmol/L) were determined by enzymatic procedures on an automated autoanalyzer (AU 2700 Olympus, 1st Chemical Ltd, Japan). HbA1c was measured by a high-pressure lipid chromatographic assay (VARIANT, BIO-RAD Lab., Hercules, CA, USA)
Statistical analysis
Data were statistically analyzed using Statistics Package for Social Sciences (ver. 16.0; SPSS Incorporated, Chicago, IL, USA). Subjects were classified into 2 groups according to CAD status. Data for age, TCH, and LDL-c were normally distributed parameters and presented as the mean ± SD, and comparisons were analyzed by the independent-samples T test. Skewed data, including the TG, FBG, fasting HDL-C, SBP, DBP, HbA1c, and HbA1c score level, were expressed as median and quartile ranges, and comparisons were analyzed by the Mann-Whitney U test. Categorical variables of gender and smoking status were compared between the groups of patients by a chi-squared analysis. Odds ratios (OR) for the presence of obstructive CAD were determined by logistic regression and are presented with 95% CI. HbA1c risk score sheets for the prediction of CAD were developed using age, gender and HbA1c. The sheet adapted the results of logistic regressions by use of a system that assigned points for each risk factor based on the value for the corresponding β-coefficient of the regression analyses [10] . According to the univariate logistic regression results, the equation for the HbA1c risk score was as follows: HbA1c score=0.047×age-1.054×sex(male=1. female=2)+0.604×HbA1c. ROC curve analysis was used to determine the opti mum cut-off levels of age, HbA1c, and the HbA1c risk score that predicted CAD. Differences were considered to be significant if the null hypothesis could be rejected with >95% confidence. All p-values are two-tailed.
Results
Baseline Characteristics of the subjects in the study A total of 196 subjects (131 males and 65 females) with a mean age of 61.55 years were enrolled in the study, there were 30 subjects with acute myocardial infarction, 100 subjects with unstable angina pectoris, and 66 subjects with chest pain. The demographic and clinical characteristics of the subjects are presented in Table 1 . There were significant differences between CAD and non-CAD subjects with respect to age (p=0.002), sex (p=0.001), total cholesterol (p=0.042), fasting glucose (p=0.005), HbA1c (p=0.000), and HbA1c score(p=0.000), However, there was no statistically difference in triglyceride (p=0.319), HDL-c(p=0.714) and LDL-c(p=0.905) levels, smoking status (p=0. 079), SBP (p=0.155), and DBP (p=0.303) between CAD and non-CAD subjects. 
The logistic regression analysis of characteristics between the CAD and non-CAD groups
The results of the logistic regression analysis of the characteristics between the CAD and non-CAD groups are shown in Table 2 
ROC analysis of age for predicting coronary heart disease
The ROC analysis of age for predicting CAD is shown in Table 3 and Figure 1 . The optimal cut-off value of age that predicted CAD was 59.5, with a sensitivity of 62.9% and a specificity 
Discussion
In the hospital-based diagnostic test of adult Chinese subjects with angiographic evidence of coronary atherosclerosis, the main findings from our study are that the HbA1c score may predict the presence of CAD and that the optimal cut-off value to predict CAD was 5.1 with a sensitivity of 72.0% and a specificity of 75.5% (area under the curve 0.781, 95% confidence interval 0.709 to 0.854, p=0.0000).
CAD continues to be a leading cause of morbidity and mortality among adults around the world [11] . Coronary angiography remains the gold standard for defining the presence and severity of CAD in symptomatic patients. However, because slightly more than one third of patients without known disease who undergo elective cardiac catheterization have obstructive CAD, risk stratification in routine clinical practice is needed to increase the diagnostic yield of cardiac catheterization [12] . Though risk algorithms such as Framingham and SCORE are linearly associated with the extent of angiographic disease, a number of common variables such as cholesterol and blood pressure have been shown to be poor indicators of CAD, possibly due to high rates of risk factor modification with statins and antihypertensive therapy. Therefore, a score is necessary to improve diagnostic precision, particularly because the prevalence of non-obstructive CAD on angiography may be greater than 50% in some populations [9] . The results from a community-dwelling Japanese population suggest that HbA1c levels are an independent risk factor for CAD [13] . Another study indicated that HbA1c was an independent risk factor for the presence of severe CAD (Beta = 0.374, p< 0.001). In a ROC curve analysis, the optimal cut-off value of HbA1c that predicted severe CAD was 6.52% with a sensitivity of 74.4% and a specificity of 75.1% (area under the curve 0.781, 95% confidence interval 0.661 to 0.901, p< 0.001) [14] . However, the results of this study were limited to subjects who were less than 40 years old. The ideal cut-off value of HbA1c for predicting the occurrence of CAD in non-diabetic subjects was 5.6% (sensitivity: 60.5%, specificity: 52%) [15] . In the present study, the optimal cut-off These results agree with those from the study that focused on the relationship between HbA1c levels and the severity of CAD in patients less than 40 years old. Easy-to-perform and reliable parameters are needed to predict the presence of CAD and to implement efficient diagnostic and therapeutic modalities. The Framingham risk scoring system has been studied to determine its diagnostic value in detecting CAD. A cut-off level of 7.5 for the Framingham risk scoring system predicted severe CAD with a sensitivity of 68% and a specificity of 73.6% (ROC area under curve: 0.776, 95%CI: 0.706-0.845, PPV: 78.1%, NPV: 62.3%, p<0.0001) [16] . However, the Framingham risk scoring system predicts the presence of CAD by taking into account sex, age, blood lipid, blood pressure, and a history of diabetes and smoking. Due to the high rates of risk factor modification with statins and antihypertensive therapy, the Framingham risk scoring system was not a simple and feasible method for the prediction of CAD. In the present study, the optimal cut-off value of the HbA1c score that consisted of age, sex, and HbA1c predicted CAD with a sensitivity of 72.0% and a specificity of 75.5% (area under the curve 0.781, 95% confidence interval 0.709 to 0.854, p=0.000).
This study has a number of limitations. For one, the sample size was small and largescale studies are necessary to substantiate our findings. Further, there is a fundamental difference between the Framingham and the present study. The Framingham study was a prospective study that helped to establish the causal relationship between hypertension, high cholesterol, diabetes and CAD. Additionally, the study created risk scores to predict death and coronary heart disease. The association between age, gender, HbA1c and CAD is not original. Though interesting, the practical application of the risk score developed in the present study may be limited and may not substantially change the clinical indication for performing a coronary angiogram.
The present study suggests that the HbA1c score system is a simple and feasible method that can be used to predict CAD. The exact mechanism underlying the association needs further study.
